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Introduction
	 Freshwater	 pearl	 mussel	Chamberlainia 
hainesiana	 (Lea,	 1856)	 is	 a	 vulnerable	 species	 in
Thailand.	It	is	multi-utility	aquatic	animal	with	economic	





























enzymes	 (Rungruangsak-Torrissen	 et	 al.,	 2006;	
Areekijseree	 et	 al.,	 2006;	Rungruangsak-Torrissen,	
2007;	Rungruangsak-Torrissen	 and	 Fosseidengen,	
2007;	Supannapong	 et	 al.,	 2008).	Recent	 studies	 on	
feeding	of	aquatic	animals	have	reported	the	correlation	










1999).	 Study	 on	 amylase	 activity	 has	 helped	 in	 the	
development	 of	more	 rapid	 and	 accurate	 in vitro 
carbohydrate	 digestibility	 assay	 (Areekijseree	 et	 al.,	
2006;	Supannapong	et	al.,	2008)	and	used	as	indicator	
















Data	 obtained	 from	 this	 study	 are	 prerequisite	
for	 future	 studies	 of	 digestive	 enzyme	 expression	
during	 the	 life	 cycle,	 and	 for	 future	 development	
of	artificial	feed	formulation	for	mussel	culture.	




transferred	 from	Kanchanaburi	 Inland	 Fisheries	
Research	and	Development	Center	to	the	Department	
of	 Aquaculture,	 Faculty	 of	 Fisheries,	 Kasetsart	
University,	 Bangkok,	 Thailand,	 where	 they	were	










The	 organs	were	weighed	 and	 the	 digestive	 gland	
including	 stomach	 from	 four	mussels	were	 pooled	
and	used	as	one	 replication.	Enzyme	extraction	was	





protease	 and	 lipase	 specific	 activities.	 The	 protein	
concentration	of	the	enzyme	extracts	was	determined	
using	the	method	described	by	Lowry	et	al.	(1951).	
Determination of amylase specific activity





and	125	µl	 enzyme	 extract	 of	 suitable	 dilution.	For	
pH	profile	study,	the	reaction	mixture	was	incubated	
in	 buffers	 pH	 2–11	 for	 15	min	 at	 25oC.	 Then	 the


































supernatant	was	 collected	 	 and	 1.4	ml	 1	M	NaOH	
was	 added	before	measuring	 the	 absorbance	 at	 440	
nm.	For	temperature	profile	study,	the	reactions	were	
carried	out	at	25–80oC,	at	different	pH.	Total	protease	





Determination of lipase specific activity
	 Lipase	 activity	was	 determined	 using	 the	
method	modified	 from	Gupta	et	al.	 (2002)	based	on	
Winkler	and	Stuckmann	(1979).	The	reaction	mixture	













































































 In this study, we observed different isoforms of the digestive enzymes with different optimal conditions of pH and 
temperature for their activities. At least three isoforms were detected for amylase and protease, and at least 4–5 isoforms 
for lipase. The temperature range of 30–50oC and pH range of 5–8 for amylase activity in the digestive gland including 
stomach of C. hainesiana are similar to those observed in marine mussel Mytilus chilensis (Fernandez-Reiriz et al., 2001) 
and  freshwater pearl mussel Hyriopsis bialatus (Areekijseree et al., 2002; Supannapong et al., 2008). A relatively high 
amylase activity at 30oC, although no  optimum, indic ted an importance of C. hainesi na amyla e for carb hydrate 
digestion in natural habitat where the temperature range is 28–30oC. However, the general optimum condition suitable for 
studying amylase expression in C. hainesiana is 40oC and at pH 6. 
 

















































pH 5 pH 6 pH 8   Figure 1. Amylase specific activity (U mg protein–1) showing pH profile at 25oC (A), and temperature profiles at pH’s 5, 6 and    


























There are many types of protease enzymes with specific activity at different pH (Areekijseree et al., 2004; 
Supannapong e  al., 2008; present work) and t mper ture (Rungruangsak Torrissen and Male, 2000; present work). 

















































 pH 3  pH 5  pH 6
 Figure 2. Protease specific activity (U mg protein–1) showing pH profile at 30oC (A), and temperature profiles at pH’s 3, 5 and 
6, indicating general optimal condition at 50oC pH 5 (B) 
 
the three isoforms of protease detected, two main protease activities were observed with their optimum conditions at 50oC, pH 5 
and 30oC, pH 6. These two main proteases probably represent one from stomach and the other from digestive gland but when 










species.	However,	 the	 optimum	 condition	 suitable	
for	studying	lipase	expression	in	C. hainesiana	is	50oC	pH	8.




neutral. This indicated that, at natural habitat temperature (28–30oC), neutral protease is important for protein digestion in adult 













































pH6 pH 8 pH 10
      
Figure 3. Lipase specific activity (U mg protein–1) showing pH profile at 25oC (A), and temperature profiles at pH’s 6, 8 and 10, 
indicating general optimal condition at 50oC pH 8 (B) 
 
Lipase seemed to consist of a large group of enzyme types with the activities covering a broad temperature and pH 
range. Among the different isoforms of lipase observed, and at natural habitat temperature of around 30oC, two alkaline lipases 
actively at pH 8 and pH 10 are important for lipid digestion of this mussel species. However, the optimum condition suitable for 
studying lipase expression in C. hainesiana is 50oC pH 8. 
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roles	 on	 enzyme	 activities,	 can	 cause	 changes	 in	
enzyme	structure	as	well	as	its	catalytic	performance.	
The	 temperature	 and	 pH	 for	 optimizing	 digestive	
enzyme	activity	are	important	factors	for	future	study	
of	any	impact	on	expression	of	each	digestive	enzyme	
of	 interest	during	 the	animal	 life	cycle,	whereas	 the	
condition	 of	 pH	with	 high	 temperature	 optimum	 is	





in vitro	 digestibility	 study	 (Rungruangsak-Torrissen	
et	al.,	2002;	Areekijseree	et	al.,	2006;	Rungruangsak-
Torrissen,	2007;	Supannapong	et	al.,	2008),	whereas	
the	 condition	of	 pH	with	 optimal	 temperature	 close	
to	natural	habitat	 is	suitable.	In	addition,	 it	could	be	
useful	for	formulating	artificial	diets	that	are	suitable	
for	 the	 digestion	 under	 different	 rearing	 conditions	
(Rungruangsak-Torrissen	et	al.,	2002;	Rungruangsak-
Torrissen,	 2007).	The	 ability	 of	 digestion	 is	 species	
specific	 (Rungruangsak-Torrissen	 et	 al.,	 2002).	
Therefore	it	is	important	that	temperature	and	pH	for	
optimizing	the	activities	of	the	main	digestive	enzymes	










utilization	 quality	 and	 fish	 growth,	 unlike	 protease	
activity	in	alkaline	condition	(tryptic	activity)	that	is	
related	to	feed	conversion	efficiency	and	fish	growth	
(see	Rungruangsak-Torrissen	 et	 al.,	 2006).	 In vitro 
protein	digestibility	of	diets	using	fish	crude	enzyme	
extracts	could	indicate	the	qualities	of	the	diets	in	fish	
growth	 trials	 (Rungruangsak-Torrissen	 et	 al.,	 2002;	
Rungruangsak-Torrissen,	 2007).	Unfortunately,	 in	
C. hainesiana,	 no	 protease	 activity	was	 observed	 in	
alkaline	pH	(Fig.	2A).	Therefore,	we	could	not	detect	
tryptic	activity,	which	is	active	in	alkaline	pH.	However,	




that	 could	 be	 utilized	 optimally	 by	 the	mussel.	 For	
















19Research KKU Science Journal Volume 37 (Supplement)
References
Areekijseree,	M.,	 Engkagul,	 A.,	 Kovitvadhi,	 U.,	
	 Thongpan,	A.,	Mingmuang,	M.	and	Kovitvadhi,	
	 S.	 (2002).	Activity	profiles	at	different	pH	





	 A.,	Mingmuang,	M.,	 Pakkong,	 P.,	 and
	 Rungruangsak-Torrissen,	K.	(2004).	Temperature	
	 and	 pH	 characteristics	 of	 amylase	 and
	 protease	 of	 adult	 freshwater	 pearl	mussel:	


















	 pearl	 culture	 principles	 and	 techniques.	
	 Bangladesh:	Momin	Offset	Press.	103	pp.
Fernandez-Reiriz,	M.	 J.,	Labarta,	U.	Navarro,	 J.	M.	
	 and	 Velasco, 	 A.	 (2001). 	 Enzymatic	
	 digestive	 activity	 in	Mytilus chilensis




	 of	 langostilla	 (Pleuroncodes palanipes,
 Decapoda):	 their	 partial	 characterization
	 and	the	effect	of	food	on	their	composition.	
	 Comp.	Biochem.	Physiol.	103:	575–578.
Gupta.	N.,	 Pooja	Rathi.	 P.	 and	Gupta.	 R.	 (2002).	
	 Simplified	 para-nitrophenyl	 palmitate	
	 assay	 for	 lipases	 and	 esterases.	 Analyt.	
	 Biochem.	311:	98–99.
Hofer,	R.	and	Schiemer,	F.	(1981).	Proteolytic	activity	in	




	 of	 the	 freshwater	 mussels	 (Unionidae)	
	 in	 a	 laboratory	 setting.	 The	Nautilus	 98:	
	 129–135.
Isom,	B.	G.	and	Hudson,	R.	G.	(1982).	In vitro	culture	
	 of	 parasitic	 freshwater	 mussel	 glochidia.	
	 The	Nautilus	96:	147–151.




	 culture	 techniques	 for	 freshwater	mussels.	
	 Environ.	Toxicol.	Chem.	9:	1291–1296.
Kovitvadhi,	 S.,	 Kovitvadhi,	 U.,	 Polwong,	 P.	 and	
	 Kuchwattana,	 N.	 (2003).	 Development	
	 of	rearing	method	for	glochidia	and	juveniles	
	 of	 the	 freshwater	 mussel, 	 Hyriopsis
 (Limnoscapha) myersiana	 (Lea,	 1856).	
	 Proceeding	of	 the	41st	Kasetsart	University	
	 Annual	 Conference	 (Subject:	 Fisheries).	
ResearchKKU Science Journal Volume 37 (Supplement)20
	 Bangkok.	pp.	195–202.
Kovitvadhi,	 S.,	 Kovitvadhi,	 U.,	 Sawanwong,	 P.,	
	 Thongpan,	 A.	 and	Machado,	 J.	 (2006).	
	 Optimization	of	diet	and	culture	environment	
	 for	 larvae	 and	 juvenile	 freshwater	 pearl	




	 culture	 of	 glochidia	Hyriopsis myersiana




	 rate	 and	 food	 conversion	 efficiency	 in	 the	
	 Atlantic	cod	(Gadus morhua).	Fish	Physiol.	
	 Biochem.	20:	293–303.
Lowry,	H.	O.,	Rosenbrough.,	N.	 J.,	 Farr,	A.	L.	 and	
	 Randall,	R.	J.	(1951).	Protein	measurement	




	 in	Atlantic	 salmon	 (Salmo salar L.)	 fed




	 efficiency,	 growth	 and	qualities	 of	muscle	
	 and	 oocyte	 of	maturing	Atlantic	mackerel	
	 (Scomber scombrus L.).	 J.	Food	Biochem.	
	 31:	726–747.
Rungruangsak	Torrissen,	K.	and	Male,	R.	(2000).	Trypsin	







	 expressions	 of	 trypsin	 and	 chymotrypsin	
	 in	 relation	 to	 growth	 in	Atlantic	 salmon	











	 Torrissen,	K.	 (2004).	 Effect	 of	 fish	 feed	
	 processing	conditions	on	digestive	protease	
	 activities,	 free	 amino	 acid	 pools,	 feed	
	 conversion	 efficiency	 and	 growth	 in	





	 for	 feed	 conversion	 efficiency	 and	growth	
	 rate	in	Atlantic	salmon	(Salmo salar L.).	Fish	
	 Physiol.	Biochem.	25:	335–345.
Supannapong,	 P.,	 Pimsalee,	 T.,	 A-komol,	 T.,	
	 Engkakul,	A.	Kovitvadhi,	U.,	Kovitvadhi,	S.	and	
	 Rungruangsak-Torrissen,	 K.	 (2008).	
	 Digestive	enzymes	and	in vitro	digestibility
	 of	different	species	of	phytoplankton	for	culture	
	 of	 the	 freshwater	 pearl	mussel,	Hyriopsis 
 (Hyriopsis) bialatus.	Aquacult.	Int.	16:	437–453.








	 pearl	mussels	Hyriopsis (Hyriopsis) bialatus	
	 and	Pseudodon vondembuschianus ellipticus.
	 MS	 thesis,Chulalongkorn	 University.	
	 Thailand.
